ABSTRACT. The insulin-induced gene 1 (Insig-1) is a regulator of lipid metabolism and plays an important role in the sterol-mediated regulation of SREBP, SCAP and HMG-CoA reductase. We used PCR-RFLP and DNA sequencing to detect polymorphisms of the Insig-1 gene in 215 individuals of the Qinchuan cattle breed. Four SNPs [4366(A>G), 4534(T>C), 5001(T>C), and 5235(G>A)] were indentified. The association of the genetic viariation with growth and carcass traits (body length, withers height, hip width, slaughter weight, and carcass weight) was analyzed. The individuals with better performance had the GG genotype at locus A4366G, and CC genotypes at locus T4534C and locus T5001C. These could be used for beef cattle breeding improvement in China. Additionally, linkage disequilibrium analysis reflected that all mutations were in low linkage disequilibrium with each other. We concluded that polymorphisms in the Insig-1 gene are associated with growth and carcass traits and could be used for marker-assisted selection and management in beef cattle breeding programs.
INTRODUCTION
Insulin-induced gene (Insig) is a regulator in lipid metabolism, which consists of two isoforms, Insig-1 and Insig-2, playing an important role in mediating sterol regulation through sterol regulatory element-binding protein (SREBP), SREBP cleavage-activating protein (SCAP) and 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase). The SREBP family is a crucial transcription factor in the synthesis of cholesterol, fatty acids, triacylglycerol, and glycerophospholipids (Hua et al., 1995; Horton et al., 2002) . Insig proteins are shown to cooperate with sterols to inhibit exit of the SCAP/SREBP complex from the endoplasmic reticulum (ER) (Yabe et al., 2002 (Yabe et al., , 2003 . It can prevent the COPα proteins from binding to SCAP when SCAP binds to Insigs, and as a result, the SCAP/SREBP complex can no longer move to the Golgi (Sun et al., 2005 (Sun et al., , 2007 . In another way, Insigs negatively regulate HMG-CoA reductase transcription by suppressing the activation of the ER membrane-bound transcription factor SREBP (Espenshade and Hughes, 2007) . The human Insig-1 protein is composed of 277 amino acids, while the Insig-2 protein is composed of 225 amino acids (59% identical). The main difference between the two proteins is that the Insig-2 lacks the N-terminal 50 amino acids of Insig-1. Both of them are highly conserved across species.
The Insig-1 gene is highly expressed in the liver. In animal cells, Insig-1 can cause the ER retention of the SCAP/SREBP complex and activate sterol-dependent HMG-CoA reductase degradation (Sever et al., 2003a,b) .
In humans, the Insig-1 gene is located on chromosome 7 within band q36, and has been found to be 80% identical with the rat Insig-1 gene (Peng et al., 1997) . In previous studies, Smith et al. (2010) reported that Insig-1 influences obesity-related hypertriglyceridemia in humans, and overexpression of Insig-1 has been shown to reduce high levels of TG in both liver and plasma of Zucker diabetic fatty rats (Takaishi et al., 2004) . In addition, single knockout of Insig-1 in mice leads to increased total content of both cholesterol and TG in mouse liver (Engelking et al., 2005) . These studies indicate that the differences in expression level or mutations of the Insig-1 gene may affect the composition of fat tissue in cattle. Based on these findings, we focused on the bovine Insig-1 gene, which could be a candidate gene of bovine body measurements and carcass traits.
The goal of our study was to identify the sequence variations in the Insig-1 gene in the Qinchuan beef cattle breed and the linkage disequilibrium (LD) between the variations and to analyze the relationship between sequence variations and growth/carcass traits.
MATERIAL AND METHODS

Animal source and preparation of DNA samples
Cattle from the Qinchuan commercial breeds were randomly selected, for a total of 215 animals. The animals (30 ± 2 months of age at slaughter) were reared in Shaanxi Province, P.R. China. The growth traits (withers height, body length and hip width) and carcass traits (slaughter weight, carcass weight and dressing percentage) were measured according to criteria of GB/T17238-1998 Cutting Standard of Fresh and Chilled Beef in China (China Standard Publishing House). All experimental protocols and animal care were performed according to authorization granted by the Chinese Ministry of Agriculture. Genomic DNA was isolated from 2% heparin-treated blood samples and stored at -80°C.
PCR-RFLP analysis
Primers used to amplify Insig-1 were designed according to the published bovine Insig-1 sequence (GenBank accession No. NC_007302.4). The primer sequences, location and the fragment sizes are shown in Table 1 PCR amplifications were performed in a total of 15 μL, where the volume mixture contained: 50 ng genomic DNA as template, 10 mM Tris-HCl buffer, pH 8.8, containing 50 mM KCl, 0.2 μM of each primer, 200 μM dNTP and 0.5 U Taq DNA polymerase (MBI Fermentas, USA). The Mg 2+ concentration was optimized for each primer set. PCR conditions were as follows: after an initial denaturation of 5 min at 95°C, amplicons were generated for 35 cycles of 30 s at 94°C, 30 s at an optimal annealing temperature (Table 1) , and 45 s at 72°C, followed by a 10-min final extension step at 72°C.
Restriction fragment length polymorphism analysis was used to identify the genotypes of sequence variants. The PCR products were digested in a total volume of 10 μL containing: 5 μL PCR product, 4 U restriction enzyme (0.4 μL), 2 μL reaction buffer and 2.6 μL ddH 2 O. The mixture was incubated for 10 h at 37°C (TaqI restriction enzyme digestion at 65°C). Digested PCR products were mixed with 10X loading buffer and subjected to 3% agarose gel electrophoresis in 1X TBE at a constant voltage (100 V) for 1.5 h at room temperature. Individuals were then genotyped based on different electrophoresis patterns. Fragments displaying different PCR-RFLP patterns were purified with Qiaquick spin columns (Qiagen) and sequenced with the ABI 3730 sequencer (ABI, Foster City, CA, USA).
Linkage disequilibrium and statistical analysis
The pattern of pairwise LD between the SNPs was measured by LD coefficient (D') and correlation coefficient (r 2 ), and visualization of LD, and measurements were determined using the Haploview program (http://www.broad.mit.edu/mpg/haploview).
Allelic frequencies were determined by direct counting from observed genotypes. The c 2 test was used to determine Hardy-Weinberg equilibrium of the mutation. Population genetic indices, including heterozygosity (H E ), homozygosity (H O ), polymorphism information content (PIC), and effective allele numbers (N E ) were calculated according to Nei and Roychoudhury (1974) .
The SPSS software (Version 16.0) was used to analyze the association between genotypes and traits in Qinchuan cattle, using the following linear model: Yijkl = μ + Bfi +Mj + Gk + eijkl, where: Yijkl = traits observed; μ = overall population mean; Bfi = fixed effect of the ith breed and farm; Mj = fixed effect of the jth of slaughter; Gk = fixed effect of the kth single SNP marker genotype, and eijkl = random error.
RESULTS
In this study, four SNPs were detected. Sequencing analysis of the mutation revealed that the mutations occurring at positions 4366(A>G), 4534(T>C), 5001(T>C), and 5235(G>A) of the cattle Insig-1 gene. The A4366G and T4534C mutations were in introns 2, while the T5001C and G5235A mutations were in introns 3 according to the cattle Insig-1 (GenBank accession No. NC_007302.4). PCR-RFLP was used to genotype the individuals. According to the sequence variants, the PCR product could be digested with TaqI, AfaI, HhaI, and MspI restriction enzymes. At locus A4366G, three possible genotypes were defined by three distinct banding patterns: AA (a fragment of 428 bp), AG (428, 318 and 110 bp) and GG (318 and 110 bp). At locus T4534C, three possible genotypes were defined by three distinct banding patterns: CC (a fragment of 428 bp), TC (428, 278 and 150 bp) and TT (278 and 150 bp). At locus T5001C, three possible genotypes were defined by three distinct banding patterns: TT (a fragment of 500 bp), TC (500, 298 and 202 bp) and CC (298 and 202 bp). At locus G5235A, three possible genotypes were defined by three distinct banding patterns: AA (a fragment of 500 bp), AG (500, 439 and 61 bp) and GG (439 and 61 bp).
The means and standard deviations (SD) for traits analyzed in this study are shown in Table 2 . The allelic and genotypic frequencies, genetic diversity parameters (H O , H E , N E , and PIC) of the four SNPs are shown in Table 3 . According to Table 3 . Genotype and allele frequencies and genetic diversity parameters at Insig-1.
H O = observed homozygosity; H E = expected heterozygosity; N E = effective allele numbers; PIC = polymorphism information content.
Haplotypes generally had more information content than single SNP. Therefore, we performed LD and haplotype analysis for the four SNPs in Qinchuan cattle breed. The LD structure as measured by D' and r 2 was calculated, and these data are presented in Table 4 . According to the data, the D' value ranged from 0.076 to 0.419, and r 2 was from 0.006 to 0.1. This showed that all mutations were in low LD with each other. The association of the four mutations in Insig-1 with growth and carcass traits (body length, withers height, hip width, slaughter weight, and carcass weight) in Qinchuan cattle was analyzed, and the results are shown in Table 5 . According to Table 5 , at locus A4366G, the animals with the GG genotype had wider hip width and heavier carcass weight than those with the AA genotype (P < 0.05), and the animals with the GG genotype had extremely heavier slaughter weight compared to the AA genotype (P < 0.01). At locus T4534C, the CC genotype was better than TC and TT genotypes, the animals with the CC genotype had greater body length and hip width than those with the TT genotype (P < 0.05), the animals with the TC genotype had greater hip width than those with the TT genotype (P < 0.05), and CC and TC genotypes had extremely greater withers height than those with the TT genotype (P < 0.01). At locus T5001C, the animals with the CC genotype had longer body length than those with the TT genotype (P < 0.05). There were no significant differences within genotypes at locus G5235A, but the animals with the AA genotype tended to have better traits than those with AG and GG genotypes with regard to growth and carcass traits. Data are reported as means ± SE. Values with different superscript letters within the same row differ significantly at P < 0.01 (A, B) and P < 0.05 (a, b). 
DISCUSSION
Previous research on Insig-1 has largely focused on human obesity and type 2 diabetes. Experiments with siRNA suggest that Insig-1 is related to SREBP1c mediated regulation of phosphoenolpyruvate carboxykinase (PCK2) (Krapivner et al., 2007) . Recent research suggests that variation in Insig-1 is unlikely to have a major effect on type 2 diabetes (Szopa et al., 2010) . Han et al. (2010) found that mRNA abundance and expression of INSIG isoforms are affected by the stage of lactation in the mouse. Another study found that Insig-2 is associated with weight gain, obesity and hypercholesterolemia. Variation in Insig-2 is associated with obesity in adults and children (Herbert et al., 2006) . Another study indicates that polymorphism of Insig-2 is associated with antipsychotic-induced weight gain (Tiwari et al., 2010) . Until now, there have been no studies about genetic variation relevant to the bovine Insig-1 gene. We choose it as a candidate gene to identify its sequence variation and the association between the polymorphism and growth and carcass traits in the Qinchuan cattle population in order to study the function of the Insig-1 gene in this cattle breed.
In this study, the associations between the mutation at locus A4366G and the growth and carcass traits showed that genotype had a significant effect on hip width, slaughter weight and carcass weight. The genotypes at locus T4534C had a significant effect on body length, wither height and hip width. The genotypes at locus T5001C had a significant effect on hip width. In addition, there were no significant differences between genotypes at locus G5235A. Based on these results, the individuals with better performance with the GG genotype at locus A4366G and CC genotypes at locus T4534C and locus T5001C could be used for the development of new breeds of beef cattle in China, and the first three loci could be used as remarkable molecular markers for better performance in the bovine industry.
Selection during domestication and improvement could influence the LD level of a gene (Toomajian et al., 2002; Saunders et al., 2002 Saunders et al., , 2005 . In this study, all mutations were in low LD with each other. This suggests that the Qinchuan cattle still need a long time selection for better performance, which could increase the LD. Because of the weak linkage within the SNPs, we did not do an analysis of haplotype structure, haplotype frequencies and combined haplotypes.
According to previous studies, mutations in intron regions may affect the level of gene expression, so as to change the phenotypic traits of the animal. Mutations in the intron region of the IGF2 gene are closely related to muscle and fat deposit (Knoll et al., 2000; Liu et al., 2003) . Liu et al. (2010) found a C to T variation in intron 14 of the bovine ATP1A1 gene, and they also found significant correlations between the ATP1A1 gene polymorphism and the coefficient of heat tolerance. In this study, we found that all four SNPs in the bovine Insig-1 gene exist in the intron region, which may affect the economic traits by affecting the translation efficiency of Insig-1 itself. To clarify the mechanism of the effect, transcriptional analysis for the SNPs occurring in the intron region would be required.
This study is the first to report four novel SNPs in the bovine Insig-1 gene, and we analyzed their association with growth and carcass traits in Qinchuan cattle. The results showed that genotype had a significant effect on the growth and carcass traits. The individuals with better performance could be used for beef cattle breeding in China. Polymorphism in the intron regions may affect expression. Further research is needed to clarify the role of the genetic variants of the Insig-1 gene and to determine the mRNA expression levels of the Insig-1 gene.
In conclusion, this study indicates that the Insig-1 gene has potential effects on growth and carcass traits, opening up possibilities for cattle breeding and improvement in gene-assisted selection.
